Uncoupling protein 1 (UCP1) is uniquely expressed in brown adipose tissue (BAT) and generates heat by uncoupling respiration from ATP synthesis. A defect in BAT thermogenesis has been described in different models of rodent obesity. In humans, the implication of BAT in energy expenditure is still under discussion. A BclI polymorphism associated with fat gain over time has been described in the upstream region of the human UCP1 (hUCP1) gene. In this study, a new polymorphic site linked to the BclI site is described which results in a C to A point mutation, 89 bp downstream of the BclI site, ie at position 7 3737 bp. This site is located in the recently analysed regulatory region of the hUCP1 gene. The mutation disrupts a consensus site for the binding of ATF=CREB transcription factor family and inhibits the factor binding in vitro. However, transient transfection of a rodent brown adipocyte cell line shows that the isoproterenol (ISO) stimulation of the hUCP1 gene transcription is not significantly affected by this mutation. However, we postulate that the C=A substitution, in human, may contribute to a minor defect in the regulation of hUCP1 transcription and that would explain fat gain over time. International Journal of Obesity (2002 Keywords: UCP1 gene; polymorphism; isoproterenol; CREB-like site Brown fat is a specialised tissue that plays an important role in nonshivering thermogenesis. The mechanism responsible for the heat production involves uncoupling of mitochondrial respiration and oxidative phosphorylation. The uncoupling of mitochondria depends on uncoupling protein 1 (UCP1), a brown adipocyte specific protein located in the inner mitochondrial membrane. The amount of UCP1 determines the thermogenic potential of brown adipose tissue (BAT), and expression of UCP1 is mainly controlled at the transcriptional level. In rodents, BAT dissipates energy as heat in response to cold exposure or to excess ingestion of energy.
Brown fat is a specialised tissue that plays an important role in nonshivering thermogenesis. The mechanism responsible for the heat production involves uncoupling of mitochondrial respiration and oxidative phosphorylation. The uncoupling of mitochondria depends on uncoupling protein 1 (UCP1), a brown adipocyte specific protein located in the inner mitochondrial membrane. The amount of UCP1 determines the thermogenic potential of brown adipose tissue (BAT), and expression of UCP1 is mainly controlled at the transcriptional level. In rodents, BAT dissipates energy as heat in response to cold exposure or to excess ingestion of energy. 1 Previous results obtained with transgenic mice after genetic BAT ablation showed that these mice undergo excessive weight gain. 2 However, mice made null for the UCP1 gene are not obese but are unable to maintain a normal body temperature in the cold. 3 In humans, in absence of direct evidence, studies are being done to investigate a possible function of BAT and its protective role in obesity. We previously cloned and sequenced the human UCP1 (hUCP1) gene. 4 A polymorphic BclI site was described in the upstream region of the transcriptional unit at position 7 3826 bp. 5 Although no association exists between the BclI polymorphism and obesity, this polymorphism seems associated with fat gain over time. 6 An association has been reported between the presence of the minor allele and a higher weight gain 7 and also a resistance to weight loss after a low-energy diet, 8 especially in a population with a high risk of obesity. In addition, a strong association between the presence of the minor allele and a lower expression of the UCP1 mRNA in intraperitoneal depots has been observed. 9, 10 Taken together, these data suggest a possible role for UCP1 in the regulation of fat content in humans. We recently found a regulatory element of the hUCP1 gene mediating the response to hormones close to the BclI polymorphic site. 11 This element was defined as an enhancer of 350 bp. In the present investigation, this region was sequenced in a large number of human DNA samples and a new polymorphic site was identified. This polymorphism consists of a C to A point mutation located 89 bp downstream the BclI polymorphic site, ie at position 7 3737 bp.
Comparison of genotype frequencies revealed a strong linkage disequilibrium between the two polymorphisms (chisquare P < 10 76 , Table 1 ). As previously demonstrated for the BclI polymorphism, no differences in the distribution of alleles between obese and lean subjects were observed in this population ( Table 1 ). The linkage between the two polymorphisms suggests that the association between BclI polymorphism and fat gain over time could instead be due to the C=A polymorphism. Accordingly, the majority of bearers of the A allele are bearers of the 8.3 BclI polymorphism and would show a defective adrenergic stimulation of the hUCP1 gene. This would provide a molecular explanation of the association between the BclI polymorphism and fat gain over time or resistance to weight loss.
The 350 bp enhancer of the hUCP1 gene corresponds to 7 3820 bp to 7 3470 bp. Within this enhancer, five hexameric retinoic receptor elements are found by sequence analysis. 11 The most upstream of these also has a degenerated CREB=ATF sequence (CTACGTCA from 7 3740 to 7 3734 bp); such a degenerate CREB site may be functional, as shown in other systems. 12 -14 The C=A mutation at 7 3737 bp alters this sequence to CTAAGTCA, a sequence which in other systems has been demonstrated to abolish binding of members of the CREB=ATF family factors. 15 To further analyse the influence of this mutation on the regulatory region, gel-shift experiments and transient transfections of cells were carried out.
Gel-shift experiments were performed with nuclear factors isolated from an immortalised mouse brown adipocyte cell line, termed 1B8. The RA=CREB probe, corresponding to 7 3743 to 7 3704 bp, bound proteins and the complex was supershifted by an anti-ATF antibody ( Figure 1A ). Moreover, a full competition by an oligonucleotide containing a CREB consensus motif 16 was observed, with a very low molar excess of the competitor compared to the RA=CREB oligonucleotide ( Figure 1B ). These observations demonstrated that the RA=CREB element binds ATF=CREB family factors with lower affinity than a CREB consensus site. The mutated RA=CREB (C=A substitution) was used as a probe and the mutation prevented the binding of factors ( Figure 1A) . Moreover, no effect was observed by using this mutated RA=CREB oligonucleotide as a competitor against the RA=CREB probe ( Figure 1B ). To summarise, the RA=CREB sequence was able to bind ATF=CREB factors with a lower affinity than a perfect CREB consensus oligonucleotide, while the C=A substitution prevented this binding.
To examine the functional significance of the C=A mutation 1B8 cells were transfected with the 1 kb TK-CAT plasmid, containing the 7 3820 to 7 2790 bp enhancer element, as previously described. 11 The mutation was introduced in the 1 kb TK-CAT construct by using the Promega Gene-Editor kit (Promega Biotech) and the C=A substitution was confirmed by DNA sequencing. The stimulation of the transcriptional activity was analysed by detection of the chloramphenicol acetyl transferase (CAT) reporter gene activity. 11 In the present study, we focused on the ISO stimulation as the region of interest is a CREB=ATF site known to mediate the effect of cAMP, a second messenger mediating the ISO response. 17, 18 Since ISO stimulation of the hUCP1 gene was only observed in presence of retinoic acid (RA), 11 different doses of ISO were tested in the presence of 1 mM RA. Whatever the ISO concentration was, no significant difference was found between the wild-type and the mutated constructs ( Figure 1C ). We could not observe the effect of ISO on the C=A substitution by using cell culture experiments.
In our previous study, it has been shown that the hormonal regulation of the hUCP1 gene depends on a 350 bp enhancer located 7 3820 to 7 3470 bp upstream of the transcriptional start site. The RA=CREB site was mutated into a randomised sequence which completely abolished the stimulation by ISO and also by TZD, and then it was not possible to discern the action of these two drugs on the site. 11 In the present investigation, a new polymorphic site has been described within the RA=CREB hexamer. This polymorphism is associated to the previous BclI polymorphic site and results in a C=A substitution. The RA=CREB site is able to bind ATF=CREB factors and to mediate the effects of ISO. Moreover, although the C=A substitution in the RA=CREB site abolished the in vitro binding of factors, no difference in the stimulation of the enhancer by ISO could be detected in cell transient transfection experiments. The different results observed in vitro and in vivo could be explained by the methodology used. In a gel shift experiment, the binding of factors is dependent of their affinity to a specific site, contained in a short DNA sequence (40 bp). Modifications of the site could disturb the factor's affinity and prevent the binding. On the contrary, in a transfection system, the DNA sequence is larger so that the effect of a single mutation could be less dramatic and therefore more difficult to observe. Our results showed no significant differences in the ISO response between the two constructs, but the important variability observed (s.e.m) could mask a minor effect of Blood samples from 101 lean subjects and 158 obese subjects were drawn on EDTA and DNA was extracted using a standard procedure. PCR was done using Gene-amp-6000 from Perkin-Elmer Biosystems and sequencing was performed using the prism cyclic sequencing kits and an ABI 373 DNA sequencer.
A new polymorphic site of the human UCP1 gene S Rousset et al the mutation. It is admitted that even a small difference in the functionality of BAT thermogenesis could affect the energy balance. Therefore, the C=A substitution inducing a minor defect in the regulation of hUCP1 transcription could explain the propensity to gain fat over time. ). The bold letter points out the mutation: a C was replaced by an A in the mut RA=CREB probe. Oligonucleotides were labelled and used as probes. Nuclear extracts from 1B8 cells (5 mg) were incubated with 0.5 ng of the 32 P-labelled probe for 20 min. When antibodies were used, nuclear extracts and antibodies were incubated for 20 min prior the addition of the probe. Bound protein and free DNAs were separated by gel electrophoresis. Independent experiments were performed at least three times. (B) The probe used is RA=CREB. The sequence of the CREB consensus oligonucleotide is (5'-AGAGATTGCCTGACGTCA-GAGAGCTAG-3 0 ); the CREB consensus as defined in Deutsch et al 16 is underlined. Competitors were used in molar excess as indicated in the figure. (C) The 1kb-TK-CAT construct previously described 10 and the mutated 1 kb TK-CAT, containing the C=A substitution within the RA=CREB site, were used in transient transfection of 1B8 cells. The relative CAT activities were normalised for variation in transfection efficiency using the b-galactosidase activity as a standard. Each point was obtained in the presence of RA 10 76 M and the ISO concentration is given in the figure. The results are representative of three separate experiments, the means AE s.e.m. are given.
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